Ribemont (1879) g a v e the arterial pressure in the human foetus as 64 mm. Hg. Cohnstein & Zuntz (1884) investigated the arterial pressure in sheep foetuses; their results varied in the umbilical artery from 84 to 39 mm. and in the umbilical vein from 34 to 16 mm. The difference varied from 51 to 14 mm. They naturally emphasized the high venous pressure, and thenceforward that legend has found much favour, probably because it lent mechanical support to the theory that the inferior caval blood was projected across the superior caval stream into the foramen orale.
More recently measurements of arterial pressure have been given by Schlossmann (1932) who obtained values of 50-60 mm. in the carotid of the goat, Clark (1932) 25-30 mm. in that of the cat (vagi cut), Haselhorst (1929) 46-110 mm. in that of man.
To the above must be added the elegant observations of Hamilton, Woodbury & Woods (1937) , who give a figure of 50 mm. for the intraventricular systolic pressure in each ventricle of the dog's heart and similarly of 21 mm. in those of the rabbit.
The conception of an increase of arterial pressure with that of foetal age might be deduced from Cohnstein & Zuntz's (1884) results; they give the foetal weights but not the ages. The first author to state this conception was Seitz (1901) . Barcroft (1935) published the following results shown in Table 1 as measured by the mercurial manometer applied to the sheep's foetus: 
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In addition, the present authors have had the opportunity of seeing some beautiful observations obtained on chick embryos of various ages by A. F. W. Hughes.
Apparatus
The following method has been the standard method used in measuring the pressure of various foetal vessels.
For measurements of arterial pressure a hypodermic needle has been fitted with a piece of translucent bicycle valve tubing of about a metre in length, with a small glass funnel at the other end. Owing to war conditions it became impossible at one juncture to obtain translucent tubing, and therefore glass tubing of about 2 mm. bore was used, connected to the hypodermic needle by a short piece of valve tubing. The system was filled with ' Heparin Ringer' solution from the tip of the hypodermic needle, to a distance up the tube necessary-to form a column somewhat higher than represents the blood pressure measured in Ringer's solution. A ' bull-dog' forceps is put on the rubber tubing to prevent any passage of the fluid along it. Great care, of course, must be exercised lest any bubble of air enter the system. When the moment arrives to measure the blood pressure, the funnel is suspended at a height such that when the needle point is thrust into the vessel and the clip removed, ' Ringer' will run into the circulating blood and not the blood into the tubing. The meniscus in the tube shortly settles to a level which is constant but for the oscillations produced by the heart beat or otherwise. The pulse in the artery should be visible. The level of the meniscus, as compared with that of the foetal heart, is measured with an ordinary wooden scale held by hand. The measurement is rendered easier by the fact that the foetus is in a saline bath. The actual measurement made is that of the difference of level between the meniscus and the surface of the saline bath-a correction being applied for the depth to which the foetal heart is below the saline.
The points about this very simple method are: (1) that it can be applied instantly; (2) that it can be applied with the vessel in any position;
(3) it demands a minimal amount of manipulation of either the foetus or the vessel. The measurement of blood pressure by the ordinary mercurial manometer on the other hand demands
(1) that the animal be still; (2) that it be fixed in a suitable position; (3) the insertion of a cannula in the vessel; (4) the lapse of time necessary to secure the above manipulations.
The umbilical vessels, which are perhaps the most interesting from the present point of view, will not withstand these operative procedures. The reading must be taken without kinking or even constricting the vessel: the position of the foetus is unpredictable, and trauma of any sort to the vessel must be ruled out to the maximum possible extent. It follows then that the needle must be as sharp as possible (it is better to use a new needle for each measurement and that it should be as fine as is consistent with the flow of fluid through it not being unduly slow).
This will be called the 'needle method'.
Comparison with the mercurial manometer The needle method and the mercurial manometer do not measure precisely the same thing. If the needle is ' small' relatively to the bore of the vessel into which it is inserted, it will measure the pressure in a stream of fluid, apart from a correction depending upon whether the orifice of the needle is directed towards or away from the stream. The mercurial manometer, on the other hand, is attached to a cannula in a closed vessel in which there is no stream, and measures the pressure not within the stream in that vessel, but on the wall of the one from which it is derived.
The question arises: what is the quantitative relation of the two systems of measurement. The answer can be obtained by estimating the pressure in one carotid artery by the mercurial manometer and in the other simultaneously with the needle. The results are given in Table 2 . When the carotid is clipped distally to the needle with consequent stoppage of the blood stream, the needle and the manometer are measuring the same thing and give substantially the same result, but when the current is flowing freely, the needle gives a recognizably lower reading than the manometer, the difference on the average of the above (a, c and e) being 5 mm. Hg.
The direction of the needle
It is desirable in taking a measurement to point the needle first towards the heart and then away from it. The difference in the result is illustrated in Table 3 . Clearly, the direction of the needle makes little difference to the measurement. The largest divergence above is 3 or 1-5 mm. from the mean, an amount well within the casual physiological errors of the experiment. Nevertheless, the dual reading is worth taking because it sometimes reveals a kink in the vessel.
Conditions
The data given in Table 4 were obtained under rigorous conditions of which the two principal were the exposure of the foetus to the least possible degree and for the least possible time. So far as degree of exposure is concerned, it must be remembered that the lower part of the body of the ewe is in a saline bath and in it the uterus is exposed. There are then two possible procedures:
(1) To open the uterus, rapidly deliver the foetus into the saline and insert the needle into the cord. This method has the advantage that the operator can see the cord from end to end and can assure himself that there is no pressure on either the foetus or on the cord.
(2) In the case of a singlet, to take advantage of the fact that the vessels from the cotyledons of both horns of the uterus contribute to the main umbilical vessels. The horn which does not contain the foetus is opened, and a medium-sized branch of the umbilical vessel is selected. The merit of this method is that the foetus is never even seen, let alone exposed: its drawback is lest some unsuspected pressure or tension on the main vessel should vitiate the result. Actually, we have used both methods without discovering any constant difference between the results which they furnish, but in any case speed is the essence of a satisfactory result.
A good check is the pulse. In the older foetuses the pulse may easily be felt through the uterine wall before the uterus is opened; if it is unaffected, there is probably no serious pressure on or kinking of the umbilical vessels.
We have used for the ewe spinal anaesthesia 3 c.c. of duracaine, supplemented if necessary by local anaesthesia. So far as the foetus is concerned there are no sensory nerves in the umbilical vessels, and if they only are the subject of experiment, we have used no anaesthetic for the foetus; where skin incisions have been undertaken we have used local anaesthetic for all foetuses over 133 days foetal age.
RESULTS
The umbilical vessels Table 4 shows the results obtained from the umbilical vessels by the needle technique. 
The umbilical artery
The figures in Table 4 differ greatly from those in Table 1 . The difference is trivial or non-existent up to ages around 100 days, but as gestation proceeds the disparity increases, so that at term it amounts to something of the order of 20-30 mm. As many more figures might be given confirming those in Table 1 , an inquiry is necessary as to the discrepancy. We have already seen that the needle method gives lower rigs than the manometer method by about 5 mm., which still leaves 15-25 mm. to be accounted for. The measurements in Table 4 are from the umbilical artery, whilst those in Table 1 are from the carotid. It is well known that in animals the size of a sheep's foetus at term (e.g. the cat or rabbit) there is no appreciable difference between the pressure in the carotid and that in the femoral artery as measured by the mercurial manometer. The foetus, however, presents a rather special case: inserted in the systemic circulation between the heart and the femoral artery is the placental circulation providing a large outlet of blood into an area of low resistance. It might well be that such an addition to the circulation might cause an appreciable pressure gradient along the aorta and so cause the pressure in the femoral artery to be lower than that in the carotid. In fact, the pressure in the femoral artery of the sheep foetus is usually a few millimetres below that in the carotid, as shown on manometer tracings taken from the two vessels simultaneously. When a direct simultaneous comparison is made by the needle technique as between the pressure in the carotid artery and that in the umbilical artery, the former was the higher in four cases out of five, and the difference is trivial as compared with the 15-25 mm. which we have to explain. Moreover, for sheep 610, 611 and 612 in Table 5 -all approaching term-the measurements in the umbilical artery are 67, 74 and 60 mm. respectively, whilst those, of corresponding age 427, 611, 612, 563, in Table 4 are 44-51 mm.
As two of the sheep, 611 and 612, are common to both Tables 4 and 5 , and as the apparatus was the same in both sets of measurements, it is natural to refer the difference in the pressure to the conditions under which the measurements were taken. Table 4 were taken either with the foetus in the uterus or immediately after its delivery; those in Table 5 were taken necessarily after a lapse of time long enough to dissect out and cannulize the carotid and, what is perhaps as important as the time lag, after a subjection of the foetus to all the sensory influences consequent on such an experiment. Indeed, in foetus 611 the mean pressure continued to rise gradually for a considerable time after the first record of carotid pressure was taken. Fig. 2 (i) - (4) shows the alterations in blood pressure as time elapsed. The pressure, as shown by the needle before the dissection commenced, was, as stated in Table 4 , 51 mm. Hg. So far, therefore, as experimental procedure allows, we believe that the figures given in Table 4 present the most exact picture at present available (see also Fig. 1 ) of the pressure in the umbilical vessels, as these vessels exist in the uterus: in short, that during intra-uterine life the pressure in the umbilical artery gradually rises from 6 mm. Hg on the 43rd day to 50-60 at term.
The carotid artery
The surest estimate of the carotid pressure of the sheep's foetus in utero appears to be an indrect one, not to try to measure it directly as several workers have done, but to take it as being a few millimetres higher (see Table 5 ) than the pressure in the umbilical artery.
The umbilical vein
According to Table 4 there is, at any age, a considerable variation in the range of observed venous pressures ( Fig. 1 ). Whilst the range of pressure is considerable, the highest in each age group being more than twice the lowest, the mean venous pressure varies little over the period from 58 days onwards; it seems, however, to rise in the last week. At this age the actual fluctuations from moment to moment are quite considerable; clearly, they may be due to events happening in the uterus, in the foetus, or both. Any strong muscular movement in the foetus sends up the arterial pressure; the effect on the venous pressure has not been registered. In one foetus (sheep 644, 130 days) four pressure waves were observed in i\ min., the maximal pressures being respectively 14, 16, 17, 17 mm. Hg, and the minimal pressures 13, 12, 12, 14. The cause of these waves awaits further investigation.
DISCUSSION
It seems possible now to reduce the results obtained by previous workers to some degree of order.
Evidently the arterial blood pressure is a function of the degree of development of the foetus. Those forms which are born in an immature condition, such as the rabbit (b.p. 21 mm.) and the cat (b.p. 25-30 mm.), have blood pressures very similar to what the sheep foetus would have at a corresponding degree of development.
When, on the other hand, we consider the hitherto published figures for the sheep and the goat at the end of gestation, clearly these record higher pressures than those which obtain during intra-uterine life: and that, because the foetuses in question were in conditions of exposure intermediate between those of general external stimulation and those of relative sensory vacuum which obtains during intra-uterine life. The figures obtained for pressure in the umbilical veins are much lower than those obtained by Cohnstein & Zuntz (1884) . We attribute their high values to constriction of the umbilical veins, especially on the umbilical side of the cannulae which they inserted into these vessels, with consequent rise of pressure in the placental vessels.
The work of Barclay, Franklin & Prichard (1944) illuminates the functions of the great veins in the vicinity of the liver in the sheep. The umbilical vein and the portal vein meet to form an arcade from which several veins branch: of these one is the ductus venosus, others go into the liver, and the blood from them reaches the branches of the hepatic vein. It is therefore natural to suppose that the pressures in the umbilical and portal veins are not very unequal, and are influenced by the bore at any time of the ductus venosus which is controlled by the vagus. Unfortunately, we have no measurements of the portal vein in the foetus.
PULSE RATE HISTORICAL
A number of studies have been made of the foetal pulse. The literature will be found in Windle's book (1940) , or in Bogue's (1933) paper on the pulse rate in the chick. The general conclusion in the literature is that as the period of gestation proceeds, the pulse rate quickens, though according to Bogue's figures for the chick, obtained by the electrocardiogram, the pulse rate in the last few days before hatching is pretty constant. Cohnstein & Zuntz (1884) say,' The frequency of the pulse appears to be greater in the younger foetuses (1200-1500 g.) than in the full-time foetuses of 3600 g. In the former the lowest value was 114 after severe bleeding and the highest 210; in the mature foetus the values ranged from 77 to 125.' Judged on the scale of Welsh sheep such as I have used, 1200-1500 g. would correspond to about 120 days foetal age and 3600 would be approaching term (147 days). According to these authors, therefore (apart from the bleeding), the pulse of the sheep, unlike those of other recorded forms, fall in the last 3 weeks of gestation to about half its former value. The observations of Cohnstein & Zuntz (1884) were made by means of a mercurial manometer attached to one of the umbilical arteries. It is not difficult, by using similar methods-e.g. the registration of blood pressure by a mercurial manometer connected with the carotid of a sheep foetus-to obtain results similar to those of Cohnstein & Zuntz (1884) . Such a result, however, demands some explanation.
In what follows we may make a preliminary survey of the relation of the pulse rate to the foetal age under four sets of conditions:
I. In utero. II. Immediately on delivery of the foetus.
III. After severance of both foetal vagi. ^Î V. When driven at its maximum rate^with adrenalin.
I. THE PULSE OF THE FOETUS m UTERO Methods The usual mercurial manometer technique as a method of measuring the foetal pulse was very soon discarded; the pulse rate given by it obviously had little relation to the actual pulse rate in utero. This is perhaps not surprising: the manometer as usually used involves the insertion of a cannula into some artery, which again involves a certain amount of exposure, of dissection and a considerable lapse of time.
Our approach was an endeavour to count the foetal pulse without opening and, if possible, without displacing the uterus.
Three obvious ways of counting the intra-uterine foetal pulse exist:
(1) By auscultation through the abdominal wall as is done in man.
(2) By palpation of the uterus.
(3) By the use of an electrocardiogram. Of these the first is very difficult in the sheep, largely because of its woolly coat and perhaps on account of the thickness of its skin, both foetal and maternal. At all events, it was often impossible to hear the foetal pulse by application of the stethoscope to the abdominal wall of the ewe.
The second method proved satisfactory in every respect except that it necessitated the opening of the abdomen and the sacrifice of the ewe.
The third method, which in theory has. much to commend it, we did not try, in view of the ease with which the second could be applied.
The ewe is given a spinal anaesthetic and is placed with the lower part of the body in a bath of saline at 39-4O°C. An incision is made into the abdominal wall in the middle line, the hand is passed in and the pulse easily felt through the uterine wall. Care, of course, is taken not to confuse the foetal pulse with that of the mother and, what is sometimes more difficult, not to confuse it with the respiration of the mother. This method can be used after about 90 days foetal age, and by means of it the figures given in column 3, Table 7 , were obtained. In spite of considerable variations from animal to animal, the general tendency during the last 50 days of gestation undoubtedly is for the intra-uterine pulse rate to get slower. There is, however, no such great difference between 120 days and term as Cohnstein & Zuntz (1884) observed, nor is the pulse rate at 120 days anything like 210 beats to the minute.
II. THE PULSE IMMEDIATELY ON DELIVERY
When the uterus is opened and the foetus is withdrawn into the bath, whatever care be taken not to interfere with the circulation, there is usually a tern- porary upset in the pulse which may last for half a minute or so. This commonly takes the form of a considerable slowing, but after about half a minute the pulse generally (though not in every case) settles down to within ten or fifteen beats of the intrauterine value (Table 7 , cp. columns 3 and 4). It is, of course, easy then to count the pulse either by inspection of the cord or palpation of the chest. Before 90 days we are dependent for our observations on pulse rates which have been obtained in this way. They will be found in column 4, Table 7 , though most of these observations were made with only such interference as was wrought by delivering the sac from the uterus, the foetus being still in the sac with its circulation intact. Judged by the figures in column 4, the pulse rate in the sheep reaches a maximum value of about 200 from which, after about the 12th week of foetal life, it recedes until at term the pulse may not be much over 100 beats to the minute.
Here we are approaching the phenomenon which Cohnstein & Zuntz observed, except that they described the pulse rate as maintained at 210 at 120 days, by which time, according to our observations, it is already very much slowed.
III. AFTER SEVERANCE OF THE VAGI
That the slowing of the pulse during the last third of gestation is due to the establishment of vagus tone is shown by the effect of cutting the vagi. The figures in column 5 are those obtained by cutting both vagi
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as soon as possible after taking the observations recorded in column 4. Up to 85 days there is no evidence of considerable slowing of the heart on section of the vagi, but at 97 days the amount of vagus inhibition in utero appears to be considerable, and on the whole the degree of inhibition increases until the end of the gestation period. As might be expected there is a certain irregularity in the observations made in the uterus, the hearts of some foetuses being inhibited to a greater degree than those of others. There are certain anomalies, also, such as foetus 605 in which the figures in columns 3, 4 and s are all very low. The inhibition indicated in columns 3 and 4, judged as a percentage of the rate with the vagi cut (column 5; see also Fig. 3) , is not abnormal. Such irregularities have not been pursued. They are the bane, so far as the author's experience goes, of all research on pulse rates whether in foetuses or human beings: some persons seem to have hearts that are basally slower than others. But such cases do raise the question whetjier, when the vagi are cut, the heart is still beating against a background of hormonal control, notably that exerted by adrenalin.
IV. AFTER LARGE DOSES OF ADRENALIN
Some experiments were carried out, therefore, to test (1) whether the foetal heart with the vagi cut was capable of a further acceleration as the result of the injection of adrenalin: (2) if so, what relation this maximal heart rate had, if any, to the rate registered after section of the vagi. samples are given-592 is interesting, the appearing more irregular than those of th two, but possibly the irregularity is less than might appear because the rate in the second period is just half that in the first and third. It could be argued that the auricular beat was probably just over 64 and that the ventricle was beating at a 1:2 rhythm.
ESTABLISHMENT OF VAGUS CONTROL OF THE PULSE
The experiments described above show that the foetal pulse is under vagus control after 90-100 days even when the foetus is in the uterus. They do not, however, indicate whether this control is central or reflex. Bauer (1938 Bauer ( , 1939 showed that in the rabbit asphyxia caused vagal slowing of the heart on the 1 ith day after birth, whilst it was not until the 30th day that the depressor effect is elicited reflexly by asphyxia.
It seemed desirable to ascertain for the sheep the earliest date at which stimulation of the central end of one vagus (the left) could evoke cardiac inhibition, the right vagus being intact. Clearly, if this date was after the onset of intra-uterine vagus slowing, the latter phenomenon must at its initiation be regarded as central. If, on the other hand, the reflex machinery was demonstrable at an earlier date than that at which the normal bradycardia developed, the question still remained open; the bradycardia might be either central or reflex. In this event it proved possible to inhibit the heart by stimulation of the central end of the vagus on the 77th day. Indeed, it is an open The first question was answered at once: injection of a heavy dose of adrenalin does produce an acceleration of the pulse after the vagi are cut. The second question was not answered completely; the most that can be said (see Fig. 3 ) is (a) that there is a general tendency for the maximal rate to rise as term approaches; (b) that the low pulses which prevail in foetus 605, both when the vagus is intact and when it is cut, find no counterpart in the adrenalin value.
The second conclusion, however, is subject to an over-ruling factor which might be held to make the whole comparison unreal, namely, that whilst the pulse rate both before and after vagotomy is sustained, that which results from a maximal dose of adrenalin is not. The figures in column 6 have been sustained for at least 15 sec.
After the first minute the pulse in the younger foetuses tend to become very irregular (604). Three question whether the central machinery is not in being as early as the terminal vagal motor mechanism in the heart. Bauer (1937) showed that on the 88th day stimulation of the peripheral end of the right vagus produced In the above experiment on the two occasions on which the right vagus was stimulated the pulse rate was reduced to between two-thirds and a half of its former rate, whilst only in one out of four cases in which the left vagus was stimulated was there any reduction in pulse rate and that was so slight as to be of uncertain significance.
This observation has an important bearing on the experiments which follow. To demonstrate slowing of the heart at this age (should it occur) as the result of central stimulation of the vagus, the right vagus must be left intact and the central end of the left vagus stimulated.
In an experiment at 85 days (sheep 581) I also failed to obtain cardiac inhibition on stimulation of the peripheral end of the left vagus.
By the 101st day, if not before, stimulation of the peripheral end of the left vagus will produce slowing of the heart rate.
Sheep 523, 101 days.
No stimulation, 15 beats in 5 sec. Stimulation of peripheral end of left vagus 12, 12, 12, 12, 12, 12, 11, 11 beats in successive 5 sec. intervals.
Cease stimulation 13, 15 in next two periods. In the records of this laboratory there is a statement in Barren's handwriting stating that he had produced a vagal slowing of the sheep's foetal heart at 77 days by peripheral stimulation. This I have confirmed and I have extended the observation to the point of having also obtained slowing of the pulse rate at this age by stimulation of the central end of the left vagus, the right vagus being, of course, intact.
The following is the protocol of the experiment: Sheep 591-77 days-spinal anaesthesia (3 c.c. duracaine).
Experiment conducted with sheep in saline bath. The above showed evidence both of reflex slowing of the heart when the central end of the left vagus was stimulated, the right vagus being intact, and of direct slowing when the distal end of the right vagus was stimulated subsequently. The reflex slowing in each case developed gradually, whilst the inhibition due to direct stimulation appeared at once.
In an experiment, however, at 81 days the reflex slowing was only obtained on one out of four attempts, whilst the slowing by peripheral stimulation was obtained on each occasion on which it was tried.
At 83 days a tracing was obtained (sheep 586) which, when magnified, showed the pulse quite plainly and indicated a slowing of the heart on stimulation of the central end of the left vagus from a steady rate of 12-13 beats per 5 sec. to 9J beats. Cardiac inhibition has been obtained, therefore, on the 77th day either by direct stimulation of the right, but not the left, vagus and by central stimulation of the left vagus.
Because the machinery for reflex cardiac inhibition is in being, there can be no assumption that use is being made of it. Indeed, Bauer(i939), in the rabbit, found that the heart could be slowed by electrical stimulation of the carotid sinus, and depressor nerves produced slowing of the heart on the 13th and n t h days of post-natal life, whilst they were not used physiologically till the 30th day.
Slowing of the heart associated with rise of blood pressure has been observed as early as m days (sheep 563) (Fig. 5) . The heart had been beating regularly for some time, as at the commencement of the tracing the systolic pressure rose from 52 to 62 mm. Hg.
Slowing of the heart has been demonstrated as the result of an experimentally produced rise of blood pressure at about 120 days, whether, the rise of The tracing might be interpreted as indicatirj^^at 44 mm. was the limiting pressure at which the cardiac depressor (and/or carotid sinus) commenced to operate.
The above observation was repeated with substantially the same result.
That the slowing of the pulse caused by the injection of adrenalin is a vagal phenomena is shown in Fig. 6 in which three injections of adrenalin were made (sheep 540, dose 1 c.c.). In the first and third records there is an obvious slowing of the pulse of 1/50,000; when the second was made the vagi were blocked by the insertion underneath them of ice- * Cord clamped between these points. The fact that the slowing is obvious within 5 sec. is the evidence of its being a reflex effect and not one due to asphyxia.
The effect of clamping the cord, as given in sheep 521, was verified on 526.
(b) By injection of adrenalin (sheep 5 26, 118 days) Before the injection the heart was going at a regular rate of 22-23 beats in 5 sec.; the injection consisted of 1 c.c. of 1/50,000 adrenalin into the umbilical cord. In the first two subsequent 5 sec. intervals the B.P. rose from 35 to 44 mm. without any alteration in the pulse rate. The pulse abruptly slowed to 18, 17, 16, 16, 16 , with an obvious increase in the stroke volume. During those 25 sec. the B.P. rose another 6 mm. Hg. cooled copper plates, the pulse was scarcely, if at all, affected by the injection. Hitherto there has been no satisfactory information concerning the degree to which the cardiac depressor fibres and the carotid sinus respectively are involved in the reflex slowing of the heart. In the experiments quoted at about 120 days, ligature of both carotids did not abolish the vagus inhibition, but unfortunately ligature of both carotids is not a sufficiently rigorous experimental procedure. On several occasions we have abolished the vagus inhibition by removal of or destruction of the carotid sinus on both sides. This procedure is, however, open to objection; it may be argued that by the time so drastic an operation has been made, the central ceitfra system of the foetus will have lost its irritability. Only in one experiment have we satisfactorily demonstrated the action of the carotid sinus in the foetus.
Sheep 534, 154 days:
(1) The carotid and vagi were dissected out in the neck and threads put loosely round them.
(2) The carotid bifurcations were dissected out and the internal and external carotids were ligated about 7 mm. from the bifurcation, no visible nervous tissue being included in the ligatures.
(3) Cannula for arterial pressure in femoral artery and tracing commenced: systolic pressure 70 mm., pulse n £ in 5 sec, left carotid clamped, pulse rose to 13 : right carotid clamped pulse rose to 15 : clamps removed pulse fell to 12J.
(4) The cord was clamped so as to raise the blood pressure, the rise was 45 mm., the pulse dropped to 8, the right carotid was clamped and the pulse rose to 10: the left carotid was clamped and the pulse rose further to 12 in 5 sec.
(5) Both vagi were cut: the pulse rose to 19.
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Counted by palpation the operator would be satisfied that the pulse has slowed and would probably be happy to give a precise figure for the pulse rate. From the tracing, however, it is not quite clear, in terms of auricular and ventricular beats, what has happened. In order to be clear an analysis of the phenomenon with the string galvanometer is required and will be undertaken. The established facts about the response are (i) it is typical, (2) it is a response to rising pressure, (3) it depends upon the integrity of the vagi, (4) it results in the return of the pressure to its former level. The tracings in Fig. 2 were taken at intervals of about 3 min. The whole figure therefore covers about a quarter of an hour and tracings 1-4, in which the vagi are intact, about 12 min. In this time the general level has risen to about 90 mm. Hg. The pressure started at 51, when the uterus was opened: it was 61 at the commencement of tracing 1. Simultaneously with the general rise of pressure, which in tracing 4 was nearly 90 mm. Hg, there was a falling off in the vagus response. The above shows evidence of carotid sinus control of the pulse mild in effect at the lower pressure (para. 3 above) and powerful at the higher pressure (para. 4): also of cardiac depressor action, inasmuch as when the carotid sinus was cut out, the pulse remained much below 19 (para. 5). Fig. 2 , tracing 1, gives a good idea of the effect of rise of blood pressure in a foetus shortly before term. The response is a powerful vagus reaction. The pulse at the commencement was regular, the rate being J Si m 5 sec; it was under some degree of vagus inhibition as the rate rose to 20 in 5 sec. when both vagi were cut (tracing 5). After a slight rise in pressure, accompanied by a slight slowing, the pulse underwent marked alteration. For the moment I will merely call this the ' vagus response' because it is never seen on any tracing after the vagi have been cut. It is followed by and presumably causes a return of the pressure to somewhere near its former level. I have used the phrase ' vagus response' rather than 'example of Marey's Law' because the counting of the pulse in this phenomenon presents difficulties.
THE ESTABLISHMENT OF
VASO-MOTOR TONE Not much can be said as yet about the possibility of vaso-motor tone existing, or even potentially existing, in the foetus. In Fig. 4 a fall of arterial pressure appears on stimulation of the central end of the vagus. Without very substantial confirmation-this could not be accepted as evidence of a true depressor inhibition of vaso-motor tone. There is quite definite evidence, however, of that phenomenon at a late stage of gestation as shown in Fig. 7 . The experiment ran as follows:
Sheep 606, 142 days. The central end of the left vagus was stimulated on three successive occasions; on the first two the right vagus was intact: in each case there was a fall of arterial pressure from 78 to 62 mm. and a slowing of the heart from 22 in 5 sec. to 14J in the first and from 21 in 5 sec. to 15 in 5 sec. in the second, whilst the blood pressure dropped from 78 to 68 mm. The right vagus was then cut, and on stimulation of the central end of the left vagus the heart did not slow, but the blood pressure fell (Fig. 7 ) from 75 to 68 mm. SUMMARY AND CONCLUSIONS 1. A method (the needle method) is described for the measurement of the pressure in the stream going through a vessel.
2. In the foetal sheep the needle method applied to the umbilical artery gives substantially the same results as the mercurial manometer applied to the carotid, until about half-way through the gestation period.
3. As gestation proceeds the needle method applied at the first moment at which it can be applied to the umbilical artery (or a branch) gives readings substantially lower, and increasingly lower as gestation proceeds, than does the mercurial manometer read at the first moment at which it can be read.
4. The discrepancy is due to the sum of a number of causes which are discussed, but of these the most important is an actual rise of pressure between the time of delivery and the completion of the dissections contingent on the use of the mercurial manometer.
5. The cause of this is not at present demonstrated, but either or both of two factors may be concerned: (a) a dulling of the central nervous system which weakens the depressor reflex; (b) the establishment of a greater degree of vasomotor tone consequent on the bombardment of the central nervous system with sensory stimuli.
6. The pulse rates in utero and just after delivery of the foetus into a saline bath at 39-4o°C. (the umbilical circulation being unimpaired) are not significantly different.
7. The pulse rate quickens up to the 7Oth-8oth day, after which it becomes slower as gestation proceeds.
8. If both vagi be severed, the pulse rate q uicken throughout gestation. The pulse, therefore, comes increasingly under vagus inhibition from the 8oth-o.oth day onwards.
9. Even after the vagi have been cut after the 120th day (it has not been tried before) adrenalin in sufficient quantity will cause a further quickening of the pulse.
10. The earliest date at which stimulation of the peripheral end of the right vagus was observed to slow the heart was the 77th day. On the 85th day peripheral stimulation of the left vagus also failed, but succeeded on the 101st day.
n . Central stimulation of the left vagus, with the right vagus intact, produced slowing on the 77th day.
12. Slowing of the heart synchronous with rise of arterial pressure has been observed on the 11 ith day.
13. Slowing of the heart which bears evidence of being reflex has been obtained by raising the blood pressure (clamping the cord) on the 121st day and by injection of adrenalin on the 118th day.
14. Approaching term both the car6tid sinus and cardiac depressor mechanisms are functional.
15. Lowering of the blood pressure as the result of stimulation of the central end of the vagus and with both vagi severed can be demonstrated late in gestation.
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